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Abstract

Background

Degenerative disease of the shoulder is successfully managed with arthroplasty. In the presence
of a deficient rotator cuff, the non-anatomic reverse shoulder arthroplasty (RSA) is advantageous.
High rates of complication following RSA have been reported in previous international
investigations. We aimed to determine the local complication requiring reintervention rate, and
identify any associated risk factors.

Methods

We conducted a retrospective electronic medical record review of all patients that underwent
RSA between January 2011 and December 2021. Basic demographic details including type and
number of comorbidities were captured, and follow-up notes reviewed for the documentation
of complications. The data was summarised, the complication requiring reintervention rate
calculated, and logistic regression performed to identify any factors associated with an increased
risk of complication.

Results

A total of 93 patients met inclusion criteria, including six patients with bilateral pathology
accounting for 99 cases, with a median follow-up of 1 121 days. The cohort comprised
predominantly female patients (65%) with a median age of 72 years, and 55% required RSA for
rotator cuff arthropathy. A total of 24% of cases complicated and required reintervention; 20%
required additional surgery. Ten cases complicated with sepsis, 12 cases with instability, and one
each with a haematoma and mechanical failure. Ninety-three per cent of patients had comorbid
disease, and renal pathology was associated with a 5.9 times increased risk of complication.

Conclusion

In a ten-year review of patients undergoing RSA for degenerative disease, we report a 24%
complication requiring reintervention rate. The most common complications included instability
and sepsis. Patients with renal pathology were found to be at greater risk of complications
requiring reintervention. Future prospective evaluation of RSA outcomes is needed to identify all
factors contributary to complications.

Level of evidence: 4
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Introduction

The advent of shoulder arthroplasty at the end of the 19th century
marked a new era in the management of shoulder joint pathology.
In the late 20th century, the standard total and hemi-shoulder
arthroplasty evolved, through advances in technology and the
applied knowledge of biomechanics, to include the treatment of
shoulder arthropathy by reverse shoulder arthroplasty (RSA).!
Despite four decades of, and ongoing adjustments to, the original
Grammont RSA design to address postoperative challenges,
complications still remain a concern.?® Complications often require
subsequent surgery and affect patient satisfaction.®
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loosening of prostheses (intraoperative or postoperative) are
complications which have the potential to negatively affect the
outcome of RSA surgery.8” Kim et al. distinguish complications
from minor problems.® Minor problems are deemed unlikely to
affect surgical outcomes.® Complication rates between 9 and 25%
have been reported.® Kim et al. suggest that this wide range may
be attributed to the assortment of implant designs (representative
of design adjustments and the evolution of RSA prostheses),
variability in surgical skill, and differing definitions of complications.®
Barco et al. additionally proposed that high complication rates may
reflect the absolute increase in utility of reverse prostheses for
expanding indications.88
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Various complications have been investigated in detail %"
Relationships have been established between the initial operative
indication, the patient baseline characteristics, individual
complications, and their chronicity.'>'* Kohan et al. defined early
complications as those presenting within the first three months
postoperatively, after which time complications are considered to
be late.® Early and late complications described include instability
or dislocation, infection, aseptic glenoid or humeral loosening, peri-
prosthetic fractures, disassembly, and neurologic complications.
Instability is common, with an incidence of between 3 and 5%.7
Cited risk factors include RSA performed through a deltopectoral
approach, cemented humeral stem, subscapularis deficiency,
implant retroversion, and a body mass index (BMI) of more than
30 kg/m?2.1-13.1516 |nfection is another predominant complication,
with reported rates of between 1.1% and 4.1%.5'7 Male patients
younger than 65 years of age who have had prior ipsilateral
shoulder surgery appear to have increased risk of postoperative
infection.’® Furthermore, infection is a common cause of implant
failure requiring revision surgery in international investigation.615
This is consistent with a local cohort investigated by du Plessis
et al. who reported a high reintervention rate in RSA cases that
complicated with sepsis.'®

Although previous investigation has been conducted for
complications requiring reintervention following RSAin international
cohorts, these are largely from high-income countries with differing
disease burdens, healthcare resources and healthcare access.?0?!
These factors have a potential to affect complication rates.? In the
South African (SA) context, no prior investigation has elucidated the
incidence of complications requiring reintervention following RSA.
This study aims primarily to describe the complications requiring
reintervention, and associated incidence, following primary RSA
for degenerative disease in a single cohort. Second, it aims to
delineate the patient demographics and potential risk factors for
complication.

Methods

This analytical, retrospective cohort study was performed using
the ‘STrengthening the Reporting of OBservational studies in
Epidemiology’ (STROBE) statement as a guideline.?® During the
period January 2011 to December 2021, all patients who had
an RSA performed at our hospital, utilising a single implant and
implant manufacturer, were identified. Following appropriate
ethical approval, the records of these patients were obtained from
the manufacturer. This patient information was used to source the
associated electronic medical data for each patient held at the
hospital, which were reviewed for inclusion in the study. All adult
patients that received a primary RSA for degenerative disease
(RSA for tumours and fractures or fracture-dislocations were not
eligible for inclusion), performed through a superolateral approach,
were eligible for inclusion. Patients with less than six months of
follow-up were excluded.

For this investigation, degenerative disease included all cases
of glenohumeral osteoarthritis (OA) described by Ibounig et al. as
‘degenerative joint disease affecting the cartilage, and associated
bony counterparts presenting with joint pain, stiffness, and decrease
in the range of movement'.?* The preferred surgical approach
in this institution is a superolateral Mackenzie approach.?°2¢ As
there is presently no gold standard approach, inclusion based on
approach was used in order to eliminate the potential confounder
of utilising assorted surgical approaches.?”-? Similarly, while it was
the surgical team’s preference to use a single implant manufacturer
and design (cemented inlay humeral stem with a neck shaft angle
of 145°), this coincidentally eliminated the potential confounding
effect of using varying implants. All surgeries were performed by
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one of two senior specialists. All patients received a single dose
of prophylactic antibiotics (cefazolin 2g intravenously) prior to
skin incision, and the prophylactic antibiotics were continued for
24 hours postoperatively (cefazolin 1 g administered every eight
hours for three further doses). A delayed shoulder range of motion
rehabilitation protocol was exercised. The arm was held in a sling
for six weeks, and no active or passive shoulder range of motion
was permitted. Elbow range of motion was encouraged.®:3!

A retrospective review was conducted of each patient's
medical records. Patients’ demographic details, including age at
surgery, sex, operated side, and comorbidities were captured.
Follow-up notes were reviewed to assess for the presence of
complications requiring reintervention. The nature and timing of
each complication were documented, as well as the number and
nature of reinterventions required.

A complication was defined as any unanticipated event that
had the potential to negatively affect the patient's outcome, as
previously defined by Kim and Zumstein et al.6” Complications that
occurred up to three months post-surgery were defined as early
complications, and those that occurred at three months or later
were termed late complications.®3? The complications encountered
in this cohort included instability, sepsis, mechanical failure and
haematoma formation. Instability referred to a prosthetic dislocation.
The principles as outlined by Parvizi et al. for the diagnosis
of periprosthetic joint infection (PJI) of the hip and knee were
applied for the determination of the presence of sepsis.3%3% These
principles include clinical, histopathological and haematological
examination findings organised into major and minor criteria
according to the likelihood of their representing an infection. The
major criteria include serial positive cultures of the same organism
or a sinus tract to the joint. Minor criteria include elevated blood
C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), elevated synovial fluid white blood cell (WBC) count or
a change of more than two on a leukocyte esterase test strip,
elevated synovial fluid polymorphonuclear neutrophil percentage
(PMN%), positive histological analysis of periprosthetic tissue, and
a single positive culture. A joint was deemed infected if one major
or three minor criteria were present.®® Mechanical failure in this
cohort was loosening or wear of either the humeral component,
polyethylene insert, or glenoid components, without evidence of
an infection or dislocation.?”:% A haematoma was diagnosed as
a complication when a tense effusion was noted within 21 days
following the primary surgery or when a postoperative wound
continued draining for longer than five days.3%4% The term ‘revision
surgery’ denoted cases that returned to theatre and had implant
components revised; repeat surgery or reoperation included formal
surgical debridement and open or closed reduction under general
anaesthesia; and the term ‘reintervention’ was used to denote
closed reduction or aspiration under sedation in a minor procedure
room or admission for intravenous antibiotic administration.” For
patients who received bilateral shoulder RSA (in all instances
these were performed on separate occasions), each shoulder was
analysed as a separate case.

Summary statistics of patient demographics and clinical data
were represented as counts and percentages for all categorical
variables. Mean values with standard deviations (SD) and ranges
were used to summarise normally distributed continuous variables
and medians with an interquartile range (IQR) and range used for
non-parametric data. The overall complication rate was calculated.
Binomial logistic regression was performed using jamovi statistical
software (version 1.6.23.0), to test for association between various
demographic details and the presence of a complication.*' These
results are represented with odds ratios (OR) and 95% confidence
intervals (95% CI). Significance was set at a p-value of less than
0.05.

Page 117



Table I: Descriptor table of 99 patients that underwent RSA and the cases that complicated and required reintervention

Counts (n) % of total Median IQR Range

Demographics
Age (years) 73 8 44-88
Sex

Female 64 65%

Male 35 35%
Operative side

Left 41 41%

Right 58 59%
Presence of at least one comorbidity 92 93%
Type of comorbidity according to system (n = 99)

Endocrine 63 64%

Cardiovascular 73 74%

Respiratory 1 1%

Rheumatological 7 7%

Renal 10 10%

Neurological 9 9%

Gastrointestinal 2 2%

HIV 2 2%
Indication for surgery

Osteoarthritis 46 48%

Rotator cuff arthropathy 53 55%
Follow-up duration (days) 1121 1356 192-3 570
Complications
Complications requiring reintervention (n = 99) 24 24%
Breakdown of reinterventions (n = 24)

Complications requiring additional surgery 20 83%

Complications not requiring surgery 4 17%
Breakdown of additional surgery (n = 20)

Revision of components 13 65%

Polyethylene insert exchange 7 35%
Breakdown of non-operative reintervention (n = 4)

Admission for intravenous antibioitics 1 25%

Closed reduction 3 75%
Side of complication (n = 24)

Left 15 64%

Right 9 38%
Type of complications (n = 24)

Sepsis 10 42%

Instability 12 50%

Mechanical failure 1 4%

Haematoma formation 1 4%
Days to presentation of complication (n = 24) 288 470 8-2135
Early complications (less than 3 months) 5 21%

Sepsis 2 8%

Instability 3 13%
Late (3 months or more) 19 79%

Sepsis 8 33%

Instability 9 38%

Mechanical failure 1 4%

Haematoma formation 1 4%

RSA: reverse shoulder arthroplasty; %: percentage; IQR: interquartile range; continuous variables expressed as medians with interquartile range (IQR) and range; categorical
variables expressed with counts and percentages of total
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Results

A total of 93 patients underwent primary RSA and met inclusion
criteria over the period January 2011 to December 2021
(Table ). Six patients had bilateral primary RSA, accounting for
a total of 99 cases. All patients followed up for a minimum of
six months, and no cases were excluded. The median follow-up
duration was 1 121 days (IQR 1 356, range 192-3 570). Thirty-five
per cent of cases were performed in male patients (35 of 99) and
65% in females (64 of 99). The median age at time of surgery was
73 years (IQR 8, range 44-88). Most RSAs were conducted on
the right shoulder (58%, 58 of 99). Forty-eight per cent (46 of 99)
of cases were for primary OA, and 55% (53 of 99) of cases were
for rotator cuff arthropathy. Most patients (93%, 92 of 99) had at
least one comorbidity; the most common systems affected were
the cardiovascular system (74%, 73 of 99) and endocrine system
(64%, 63 of 99). Regarding individual comorbidities, hypertension
72% (71 of 99), hypercholesterolaemia 43% (43 of 99), gout 15%
(15 of 99), and diabetes mellitus 15% (15 of 99) were the most
common.

Twenty-four cases developed complications requiring
reintervention in 22 patients; two patients complicated bilaterally.
The median number of days following surgery until complication
was 288 (IQR 470, range 8-2 135). Five cases (21%, 5 of 24)
complicated early, and the majority complicated late (79%, 19 of
24). Table | shows the breakdown of complication type according
to time of presentation. Ten cases (42%, 10 of 24) complicated
with sepsis; 12 cases (50%, 12 of 24) complicated with instability;

there was one case of a haematoma (4%, 1 of 24); and one
case of mechanical failure (4%, 1 of 24). Twenty of the cases
that complicated (83%, 20 of 24) required at least one additional
surgery, accounting for an overall additional surgery rate of 20%
(20 of 99). Of the four patients that did not require further surgery,
three underwent a closed reduction of a dislocation (75%, 3 of 4)
and one was admitted for intravenous antibiotics for a haematoma
(25%, 1 of 4).

The overall complication requiring reintervention rate was
24% (24 of 99). Table Il summarises the comparative details of
complicated and uncomplicated cases. The demographic details
of the patients that complicated were not dissimilar to those that
did not complicate. The median age in cases that complicated
was 72 years (IQR 5, range 51-88) as compared to 73 (IQR 8,
range 44-86) in the uncomplicated group. Age was not found to
increase the risk of complication (OR 1.00, 95% CI 0.94-1.07,
p = 0.912). Neither the presence of comorbidities (OR 2.00, 95%
Cl 0.23-17.5, p = 0.531) nor number of comorbidities per case
(OR 1.26, 95% CI 0.89-1.78, p = 0.189) increased the risk of
complication requiring reintervention. The presence of renal
system comorbidity (acute or chronic renal failure, urinary tract
infection or renal stones) was associated with an increased risk
of a complication requiring reintervention (OR 5.92, 95% CI 1.51—
23.21, p = 0.011). To reiterate, patients with a renal comorbidity
were 5.92 times more likely to develop a complication that required
reintervention.

Table II: Table comparing various demographic details of the RSA group that complicated and required reintervention with the RSA group that did not

complicate

Complications

(n=24)

No complications

Age in years — median (IQR) 72 (5)
Gender (male — female)

Male 8 (33%)

Female 16 (67%)
Affected side (left — right)

Left 15 (63%)

Right 9 (38%)
Indication for surgery (RC — OA)

Rotator cuff arthropathy (RC) 15 (63%)

Osteoarthritis (OA) 9 (38%)
Comorbidities (yes — no)

Yes 23 (96%)

No 1(4%)
Number of comorbidities — median (IQR) 2(1)
Comorbidity groups

Endocrine 17 (71%)

Cardiovascular 18 (75%)

Respiratory 4 (17%)

Rheumatological 0 (0%)

Renal 6 (25%)

Neurological 3 (12.5%)

Gastrointestinal 2 (8%)

HIV 0 (0%)

(WENE)) p-value Odds ratio 95% ClI

73(8) 0.912 1.003 0.94-1.07

0.812 0.889 0.34-2.35
27 (36%)
48 (64%)

0.019* 0.318 0.12-0.83
26 (35%)
49 (65%)

0.264 1.712 0.67-4.39
37 (49%)
38 (51%)

0.531 2.00 0.23-17.50
69 (92%)

6 (8%)

2(2) 0.189 1.260 0.89-1.78
46 (61%) 0.401 1.531 0.57-4.14
55 (73%) 0.872 1.091 0.38-3.14

7 (9%) 0.326 1.943 0.52-7.32

7 (9%) 0.991

4(5%) 0.011* 5.917 1.51-23.21
6 (8) 0.508 1.643 0.38-7.14

0 (0%) 0.992

2 (3%) 0.993

Categorical variables expressed as frequencies and percentages; continuous variables expressed as medians with an interquartile range (IQR); relationships between variables
and the primary binary outcome, ‘complications’, are expressed as odds ratios (OR) and 95% confidence intervals (Cl); significance level set at p < 0.05; * represents p-values
that have reached significance; numbers in bold represent adequately powered variables; where data are missing, Cl and OR could not be calculated as one value was zero
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Discussion

This study aimed to determine the rate of complications requiring
reintervention for primary RSA of a single cohort, and assess if
any demographic factors placed patients in the cohort at greater
risk of complications requiring reintervention. We report an overall
complication rate of 24%, with additional surgery required in 20%
of cases. Direct comparison of these rates is limited, due to the
variability of prosthesis designs, definitions of complication, and
approaches used. However, this complication rate is comparable
to that of cohorts with similar patient profiles, indications, and
in which the majority report use of an inlay humeral prosthesis.
Inagaki et al. retrospectively reviewed six years of RSA cases
(the majority uncemented, inlay humeral components) and found
a similar complication rate of 18%, but an additional surgery rate
of only 7%.% Most similar to the present investigation, Tashjian
et al. reported in 2020 the complications found in a retrospective
review of RSA cases conducted over a ten-year period by a
single surgeon. They report a 20% complication or reoperation
rate. Tashjian et al. used inlay prostheses exclusively, and the
major indication was degenerative disease (comparable to the
present series); however, no description regarding cementing was
reported.** While comparative to our investigation, these rates all
exceed the rates found in a recent meta-analysis by Galvin et al. (of
52 studies where 71% of cases used a Grammont-style prosthesis)
where an average complication rate of 9.4% and revision rate of
2.6% was reported.*244 With expanded indications and increased
utilisation of RSA, we would expect increased complications in the
initial learning curve, which will taper off with surgical experience
and standardisation of indications.** This may be the effect
observed by the more recent investigation of Galvin (2005-2020)
as compared to that our cohort (while a similar date span to that of
Galvin et al. represents the first ten years of performing RSA at the
institution).”.27:42.44.45

The most common shoulder complications in two reviews (and
our cohort) were instability (between 0.7 and 12%) and sepsis
(between 1 and 10%).74* We report a higher than average instability
rate (12%) compared to previous investigations (1-5%).10.11.17.27,32.42
This may be partly attributable to implant design. A recent review
and meta-analysis by Shah et al. highlighted the move towards
onlay humeral prostheses, a change which has impacted the
rates of instability following RSA.# This meta-analysis found a
statistically significant 2.7% absolute reduction in instability rates
favouring the onlay prosthesis design. Georgoulas et al.’s literature
review suggests that surgical approach may also affect instability
rates.#” However, they reported a tendency towards a higher
occurrence of instability following RSA through a deltopectoral
approach and suggested the difficulty of the subscapularis repair
through this approach as a potential contributor.2*4” In the present
investigation, while there was no record of subscapularis handling,
the superolateral approach was used exclusively. Consequently,
a reduced complication rate would be expected; however, this
was not the finding. This suggests that there are likely additional
factors contributing to instability rates following RSA that have not
been identified or investigated in this cohort. An interesting and
contrasting finding compared to other investigations of instability
following RSA, where instability typically presents within three
months of surgery, was the finding that 75% of our instability
cases (nine of 12) presented after three months."4¢ Boileau et
al. proposed that deltoid over-tensioning was the reason for /late
presenting instability.?? Over-tensioning and fatigue is not typically
attributed to inlay prosthesis, but present literature describes
‘deltoid dysfunction’ and ‘deltoid fatigue’ with ambiguity.*® This
suggests the need for further investigation of these concepts to
better understand this cause of late instability.324250-52 Alternatively,
late instability is attributed to movement of components such as
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subsidence and aseptic loosening, which may have been the
contributing factor for several of the instability cases in this series.®

Recent literature suggests that postoperative sepsis is
surpassing instability as the most common complication, due to
modern implant design decreasing dislocation rates.® This was not
the case in our cohort, with a PJI rate of 10% (as compared to the
12% instability rate). Two of the septic cases occurred within three
months (early), but beyond six weeks, when debridement and
exchange of modular implants is advocated.® As a comparison,
Kim et al. reported similar infection rates in their review of between
1 and 10%, but this is a slightly greater rate than Contreras et al.
who report a range between 0.5 and 6.7%.%'* Again, the sepsis
rate in the present series falls on the higher end of reported
rates.8' Many factors could account for this finding. It is now
understood that antibiotic prophylaxis for shoulder surgery with
a first-generation cephalosporin (as was used in the present
investigation) will not eradicate the most common organism
cultured in shoulder arthroplasty infection cases internationally.®
Additional preventative measures need to be taken to reduce this
bacterial burden.® Antibiotic-loaded cement, which has been found
to decrease RSAinfection rates, was also not utilised in the present
series.® Additionally, the high rate of comorbidities (93% of patients
had at least one comorbidity) reported in our investigation could
have contributed to the number of cases that complicated with
sepsis. A Korean meta-analysis has previously established risk
factors for septic complications following RSA to include male sex,
diabetes mellitus, liver disease, alcohol overuse, iron-deficiency
anaemia, and rheumatoid arthritis.>

The remaining complications requiring reintervention in this
cohort were a case of mechanical failure and a haematoma
(each accounting for 4%, one of 24 complications). Nabergoj et
al. attributed mechanical failure to the large forces across the
glenoid, the knowledge of which has been incorporated into more
contemporary RSA designs than the prostheses used in the present
series.%44465 Haematoma formation is inconsistently reported in
the literature. In the present investigation, a single case (4%, one
of 24) of haematoma formation required intervention (admission for
intravenous antibiotics) and was therefore deemed a complication.
Werner reported haematoma to be their commonest complication
(21%), most of which resolved following aspiration.5 While Zumstein
et al. did document cases of haematoma formation, they did not
deem them to be complications.” Discrepancies such as these
could contribute to the wide range of documented complication
rates (1-21%).% Irrespective of haematoma complication rates, it
has been positively determined that haematoma formation does
not typically result in adverse clinical outcomes.”

Considering all complication cases, the baseline age and
sex of patients in our investigation are in keeping with that of
previous investigations.* Comparing the patients in our cohort
who complicated to those who did not, there was no statistical
difference between the groups regarding sex and age. Ninety-three
per cent (93 of 99) of the cases had one or more comorbidities
documented. No individual comorbidity was associated with an
increased risk of complication. When grouping comorbidities, the
renal group (comprising cases with acute or chronic renal failure,
kidney stones or urinary tract infection) were at increased risk of
complication (OR 5.91, 95% Cl 1.5-23.2, p = 0.011). While not
a direct comparison to the present cohort, Hsiue et al. reported
similar findings in their database investigation of elective shoulder
arthroplasty patients comparing patients with and without renal
disease.®” They found patients with end-stage disease were almost
eight times more likely to dislocate and 19 times more likely to
sustain a surgical site infection than patients with no chronic renal
disease.%” With these significant increases in shoulder arthroplasty
complications in patients with renal disease, surgeons offering
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patients RSA should seek a renal disease history from patients,
be cognisant of the increased risk of complications, and counsel
patients accordingly.

This study had several limitations. Patients undergoing RSA
in this institution were not entered on a database, necessitating
the identification of patients from the records of the implant
manufacturer. While all the identified patients’ records were
located, they were incomplete regarding certain data relevant to
complication risk. This included anthropometric measurements,
handling of subscapularis, and previous surgery to the ipsilateral
shoulder, among others. Numerous studies report increased risk
for complication, specifically instability and sepsis, for patients with
increased BMI and previous ipsilateral shoulder surgery, for which
we could not provide comparative data.'-1315%8 Finally, although
our cohort represented 99 cases, only 24 cases complicated. This
limited the analysis of risk factors for complication.

Conclusion

In a ten-year review of patients undergoing RSA for degenerative
disease, we report a 24% complication requiring reintervention
rate. The most common complications included instability and
sepsis. Patients with renal pathology were found to be at greater
risk of complications requiring reintervention. Future prospective
evaluation of RSA outcomes is needed to identify all factors
contributing to complications.
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